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"B NMR study on the complexation of borate with
boron-selective polymers

Kazuhisa Yoshimura', Chaoying Shao', Shiro Matsuoka',
and Yoshinobu Miyazaki’

" Faculty of Sciences, Kyushu University, Ropponmatsu, Chuo-ku, Fukuoka 810-8560
* Department of Chemistry, Fukuoka University of Education, Akama, Munakata 811-4192

"B NMR spectroscopy is one of the excellent tools for elucidating the nature of the interaction
between borate and boron-selective adsorbents such as crosslinked dextran gel (Sephadex),
anion-exchange dextran gel {QAE-Sephadex ), and chelating resins with functional groups of N~
methyl-glucamine (Amberlite IRA-743) and of chromotropic acid (commercially unavailable) .
In the dextran system, borate complexes both with o,B-diols and o,y-diols of glucopyranoside
residues were present. The crosslinking of dextran caused the effective concentration of o,B-diol
moleties in the crosslinked polymer ligand, so that the 1:2 complexation became more favorable
according to the increase in the degree of crosslinking. The stability constant of each complex for
the QAE-Sephadex system was similar to that for the Sephadex system, and therefore the pres-
ence of the fixed cationic group in the QAE-Sephadex gel phase did not enhance the boron
adsorption. The pH of the N-methyl-glucamine resin phase remains constant in the range of
10.5 to 12.5 when the equilibrated bulk solution is pH 6 ~ 11. The strong adsorbability of borate
on the resin in a wide pH range was related to this phenomenon. From the "B MAS-NMR mea-
surements, the active species in the resin were proved to be the a,f bischelate 1:1 complex with
the functional groups. In the case of the chromotropic acid system, the 1:2 complex is predomi-
nant in acidic solution, while the 1:1 complex is mainly distributed over a higher pH range. The
1:2 complexation was found to be catalyzed by hydrogen ions. pH dependence of the boron
adsorbability on the chromotropic acid loaded resin could be understood on the basis of both the

reaction equilibrium and Kinetics.
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Fig. 1. Functional groups of boron-selective adsorbents.
(a) Crosslinked dextran gel, (b) Anion-exchange dextran gel,
(¢) N-methyl-glucamine resin, (d) Chromotropic acid.
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Fig. 2. pH dependence of the adsorption of
boric acid on Sephadex G-25 gel (] =
0.1, NaCl).

Distribution ratio (Kd) = [total B in gel
phase]/{total B in solution ]
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Fig. 3. "B NMR spectra for Sephadex gel
beds equilibrated with solutions contain-
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Table 1. "B NMR chemical shifts and stability constants of binding isomers of borate complexes
with compounds containing vicinal hydroxyl groups (at 25°C)

1:1 complex * 1:2 complex ©

5|.|<mﬂ) Bnu.u) 6Il(cl.‘/) Bx(a.y) 51:2\11,6) Bma.B) 8|-u(a‘y) ljzla.y)

polyols’ -12.6~-149 -17.9~-18.5 S1.7~-11.9 -18.4~-19.0
a-methyl-D-glucopyranoside’ -13.0 0.18 -18.0 29 nd. - -18.0 26
Dextran T-40? -13.1 0.15 -17.6 0.14 n.d. - -18.1 0.18
N-methyl-D-glucamine® -13.7 104 nd. - 9.4 10°% n.d.
Chromotropic acid’ nd - -177 1077 nd - -180  10fv
Sephadex  G-100° -13.4 0.54 -179 0.29 n.d. - -18.1 038
G-50° -13.5 1.0 -18.1 0.19 9.8 <0.01 -18.1 027
(-25% -13.6 0.94 -18.3 0.09 -9.7 0.03 -18.1 0.02
QAE-Sephadex A-25* -13.4 0.96 -18.0 0.14 n.d. - nd.
Amberlite IRA-743* nd. - nd. - -10.2 10*° nd.

n.d. @ not detected.  ? B(OH).™ + 2 BL+2H0: ®B(OH): + H:RT 2 BR(OH)," + H:0": “B(OH)y +2L 2
Bi, +2 HO: "B(()H)x+2H 2 BRY + HO' + 2 H:0

fTotte PNAET IV NEEETHILEMELTTFANS Y, BBEORL L7

TTFw AN, BEPa-AFN-D-F VAT L FeHWw,
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Fig. 4. Conformational and complexing equilibria of the glucopyranoside residue with borate.
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Chemiluminescence enhancement of polyphenol and luminol
in the presence of poly (amidoamine) dendrimer

Manabu Nakazono, Li Ma, Naoko Kondo and Kiyoshi Zaitsu

Graduate School of Pharmaceutical Sciences, Kyushu University

Abstract

The chemiluminescence (CL) enhancement of polyphenol such as pyrogallol (PY), gallic acid
(GA) and methyl gallate (MG) or luminol in the presence of poly {amidoamine) dendrimer
(Starburst) *(PAMAM) was compared. The total photon counts of PY and MG in the presence
of PAMAM-generation 0 were enhanced 2.4~ and 1.3-fold, respectively. Similarly, the total
photon count of MG in the presence of PAMAM-generation 1 was enhanced 2.7-fold.
Especially, the CL peak height of MG in the presence of PAMAM-generation 1 was enhanced
13.5-fold.

1. &R

LF5EETIEE, BRELFTIED —2 L LTHLNTEY, RAeESLELEL R
DHEELEE L WEHAEDTTEETH Y, Luminol 5B A U Acridinium ester & Fiv: %
LK1 207 7 v £ 1125 % Progesterone” % Thyroide stimulating hormon ', 79— 4
YV Y a YR L B glucose” FO@EEREALF RN AH B, ALFRENGEHA
BT Y N PEBIREOEAF ST THILCER SN TEY, SBELIIMEIIE
KENLAEKEDOBRB BT ALHPBREFEEINL TS,

EIREAAER GG OB —HmEe LT, WMEAORES L SNTEL, flzid,
Peroxidase f£1£ T, p-lodophenol (& Luminol 2% L T, trans-4-(3-Propionic acid) phenyl-
boronic acid {3 Pyrogallol 1247 L T L W BERE 2 Ry FUHRE SN T L5 | Bz
THREWEHIVFY 4 2 ¥ Th D 1-Ethyl-3-(3-dimethylaminopropyl ) carbodiimide + HCI %
R 72/ = VI L TELVWEEYRLE R ZI 20 LTwa™, 70, REENY
FIDILFEFEE IS T HHEEMRORE SN T LYY ZOBEDIRE, BRPTHR



Tﬁ(ﬁlﬁ%ﬂﬁ TS B I B NDMEFEFEIT BT LBILIC 2 IET 5 2 & ROVE BRI 2
REARMTLIEILLALDEEZ LN TS
JTF Tomalia BIZ L > THEBRLEDFILEMTH S Poly (amidoamine) dendrimer
Starburst © (PAMAM) &M S Tw3 (Fig. 1), 2@ PAMAMIZfREESh A5 F
DY — I ARRE DS TFTH Y, PLBLHLITrOERELLLZ Y PPNEKE
WMo THRAE LWHBIN A ) BIBEsFoTwbd, B, 37 EERPENICE

e r

Generation 0 (G0)

=
\/\z
4
X
N

Generation 1 (G1)
Fig. 1 Poly(amidoamine)dendrimer (PAMAM)
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Fig. 2 Polyphenol and luminol

bETEIRT 2B THA LIEEET Y V) - 08RThTWw 5", PAMAMIZ 2
7 12 Ethylendiamine, B2 N-(2-aminoethyl) acrylamide #$25 > F) v —THh 5,
PAMAMIY, B EZELBRERLER L CRIEFLEBMNIIFERCED AURES 4
HOESHMONTVL"™, FBE, RaO7 I/ ROBHICX Vs 2Bk Fon
FHAREIN TS, PAMAMOSHAINKEROFEENEZ 2o Thy, —HO
SEUVHEEIOECYEBE R TLEEZON TS, BHAEST THA LEEANRAEI R TY
505, ALFERAWE I L GEREROL VR EEL S Tngv, £2T, A%
TIHEFER M E I L GRECFEBEOIL WHBEA c R+ I L 2 BME LT, Pyrogallol
(PY), Methyl gallate (MG), Gallic acid (GA), Luminol ® 4 FEO{LEXME (Fig.2) # A
WTPAMAM 12 & DR EZBHOE(LERET L7 PAMAMIE R DA L7058 o #H4E
(Fig.1) &, 12BN OHEAZIE 1 # (Fig. 1) 2 A7,

2. X

2.1 ARRUKE

PAMAM Dendrimer (% Aldrich#1 # % MeOH THRL THW 72, PY, MG RUGAlEAKIZ
VERRLT0.1mM & U720 Luminol 435 A F Lk VA7 3 DM LO0. 1 uM & L7,
HO, 3 =FEREbFRA K THR L THEALZ, KIZBR A+ v KEMIllQY A5 4 (HAE
TYRTHEDTHEL-L0F, fioBERTFHROGKLS 5V IEOh LR R E



L7 (b5 EE I Berthod # 3. Lumat LB 9501 &IV 3 /) X — ¥ #FA L 72,

2.2 BB

0.1 mM D3N3 A (Luminol 12 0.1 uM DMF &) 200 uL |2 PAMAM
MeOH il 50 ul A 720 20 #4412 NaOH AGAET 100 pL % M0z 72, 25 A REIRE #,
H,0, KB 100 ul. % BEEA L Z20%10 SHOBERLEZFHI L7z, Blank (213K Z
7213 DMF % B2 72,

3. BRRUEZE

3.1 PAMAMZERETE TIZ 543 % polyphenol R U luminol DA LE R fe 4514

PAMAMIZ & BB R % LB B 72012, PAMAMIEGEAE TIZBU 2{L#8EEHTD
Beat 247 o 700 IAFIC BT 2 38R R G ORI B U B A VW 7o B TR
Rt

(1) NaOH & Dad

NaOH #% 10 mM-1.0 M @& CTF R Z1HRET L7z, PY (2 NaOH 50 mM DF§IZ, MG
(3 NaOH 750 mM ®D 2, GA K UF Luminol 1& NaOH 25 mM DB ICIR KRBEHERELE T R L
77

(2) HO, iR OGS

HO8E 0.1-1.0 M OFFATEFNENKET L 720 MG, GA T ULuminol DFEEZHL T
HOMEEE LB L THEML, HO, 1.0 M DR AKBERLEEL /R L, PY 13 HO, 0.5
M DB ICERAEERLEERL 72,

(3) fbF 5 ettt

PY ORHIE HOJEAT 12 B TRAEMEL R L%, WA LT
ERNERE LD o7, MG KU GA I1E HOEAM | B0 TR AZ L
Seld A L7z, Luminol 13 HOJEA] 5 Tl KRG % R
Rhll@lb L7,

yas

2 piRICIFIZEA
B ok, R
L7, %l

3.2 PAMAM-generation 0 (GO) (Z 31} % polyphenol R U luminol DL R4t

(1) PY

NaOH 25-250 mM, H,0,0.25-1.0 M &% (FPAMAM-(G0Q) 2-50 mM O &5 C & mE 17
- 72. NaOH 100 mM, H.0, 1.0 M, PAMAM-(G0) 10 mM DRI KBEERCEZ R L,
PAMAMIETEE TICBIT ARAKBERLED 2.4 FEORBHENF R SN2 (Table 1), =
DEED PY OILEF LRI HO, AR S I THML 2%, woltA@b Lz, Lo
L 15 BRI BUEMA iAo, 15 30 BRI AREMEELR L. FOHBOEKD
WA E PAMAM JEfFE T E LB L TR TH Y, BEBEOZE LVEESR SN,

(2) MG

NaOH 0.1-1.0 M, H,0,0.1-1.0 M ZIUFPAMAM-(G0) 10-300 mM D &L C &R 24T
2720 PAMAM-(GO) i@ ME & O IZHEBE R L I38ML 72, NaOH 750 mM, H.O,
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Fig. 3 Time course of CL of MG in the presence of PAMAM.
Curves : (a) [PAMAM-(G1)] =100 mM, [NaOH] = 750 mM,
[H,0,1 =250 mM. (b) [PAMAM-(GO0)] = 300 mM,
[NaOH] = 750 mM, [H,0,] =500 mM. (¢) [NaOH] =750 mM,
[H,0,] = 1000 mM.

Table I Effect of PAMAM-(G0) and PAMAM-(G1) on the CL
development of polyphenol and luminol

Compound PAMAM/ mM Relative CL intensity ¥
G(0) G(1) Total pholon count  Peak height

PY 10 24 03

0.01 038 0.7

MG 300 13 5.8

100 27 135

GA 30 07 06

50 10 05

Luminol 0.001 1.0 08

0.0001 07 10

a) CL intensity of each compound in the absence of PAMAM was taken as 1.



0.5 M, PAMAM-(G0) 300 mM DiFIZRAMEREEEZ/RL, PAMAMIEHFETIZBIS
RAHEERNE O 1.3 BOHBSIRENR LN/ (Table 1), Z OO MG O 1EFEF R
3 HO EAK 2B THRAELBE 2R L7 (Fig. 3).

(3) GA

NaOH 10-100 mM, H,0,0.25-1.0 M &R UFPAMAM-(GO0) 5-50 mM D #5F T & s 247
572, NaOH 50 mM, H,0.1.0 M, PAMAM-(G0) 30 mM DRI RABERLELRL,
ZHE PAMAM FEHETIBITARAEERENLED 0.7 FTH MR RIIA LN L H
572. ZOBEO GA DILFR LI HO, FEAR 1 BE TRARLHBELRLL

(4) Luminol

NaOH 10-100 mM, PAMAM-(G0) 1.0 uM-10 mM O #EBHTRIFRET %17 - 72 (H,0, B
2 1.0 M) « PAMAM-(GO) i DM E & b ICRER L EIZWA L7, NaOH 25 mM,
PAMAM-(GO) 1.0 pM OERFICRAEERLEL R L, Zhid PAMAMIERETILETS
BRABERLELBESE L o7, ZOFD Lumino DILFEFELIMAR T HO, EAKD 1
BTRKERELRL 72,

3.3 PAMAM-generation 1 (G1) 2% % polyphenol B U luminol D13 F k454

(1) PY

NaOH 10-100 mM, H0, 0.25-1.0 M & U0'PAMAM-(G1) 10-300 uM O #iH T &R &
1T 725 NaOH 50 mM, H,0, 1.0 M, PAMAM-(G1) 10 uM DB IZRABEER LB XKL,
21U PAMAMIEFFE T BT A AEBRELED 0.8 5 TH ) BEARIIE L kb
572, OO PY OLFEELHEIE PAMAM JETFAE T O ELHMA L UL Twv iz,
HO. {EA 6 BHRICERKELEELRLAEZRELIIRD LZOBBOENET, %Lk
ORRER S N do /o,

(2) MG

NaOH 0.1-1.0 M, H,0,0.1-1.0 M & 0" PAMAM-(G1) 1.0-100 mM O §550 C &5t %
17 72c PAMAM-(GL) BIEDMINE & b ICHERLEIIHEIL 72, NaOH 750 mM, H0,
0.25M, PAMAM-(G1)100 mM DBFIZRAERLEZ/RL, ZHIIPAMAMIEFAETIC
BUARKEERALED 2.7 EOHBHMES L 54172 (Table 1) Z DEED MG DILEF
SEHiARIE HO, AR 2 A CTRARICHEE %R L7 (Fig. 3),

(3) GA

NaOH 10-100 mM, H.0,0.25-1.0 M & ¥ PAMAM-(G1) 0.5-100 mM O #iPAT4&Hat
%47 o725 NaOH 50 mM, H,0, 1.0 M, PAMAM-(G1) 50 mM DI B AFERNE F R
L, SNEPAMAMIEFRETIE BT A RABEELE S ZIZHFL CHBBRURIEIR S22
o720 ZOBED GA DALFER AL HOJE AR | BB TRATENLAE 2R L7,

(4} Luminol

NaOH 10-100 mM, PAMAM-(G1) 0.1 pM~10 mM D& TR UM 2 1T- 72 (HO, BE



1.0 M) o PAMAM-(Gl) IBEOMINE &b IZFEESR
PAMAM (G1) 0.1 uM OB IR AKRBER LB+ R L, =
KEERLED 0.7 TH -7, OO Luminol DAL
TRAFELEE &R L7

FEidimA L 72, NaOH 25 mM,
NIEPAMAMIBEHFE FICBIT b8
SR 1 HO, 75 AT£40 #0714

4. ¥
AHFFE1Z & > TPAMAM— (45 0 #18) (2 PY RUTMG (28 LT, PAMAM— (%51 ##
) 13 MG o LTS REE 5 2 584 B L7z, PAMAM— (% 0 #) 1, PY 1L
FREOERBERLELBVT 24 EOMEHNEEL, MG LFREORARIEER LRI
BWT 1.3, RABEBELIIBWT 5.8 EDMBINRE 5 272, FI2 PY OLFERLT
FELVWREHBOEE /R L7z, PAMAM— (8 1 #H0) 13, MG {b3#3EkomAikE
BABICBWT 2.7, MAKLHEEICBNT I35 EOHEERIMRE TR,

—77, GA KU Luminol DfLEREHEIZE WV TIIPAMAM— (45 0 #48), (581 #44) &
LICHBEI R A RS 2 h o7z, FIC Luminol TIZPAMAMIERE OIEINE & b 12K E TR
P, ZTOERE LT, Luminol DA TH % 2-Aminophthalic acid X* GA O H1 L H &
SVEASPAMAMS T D7 I FOW LR LVERET I 7R OMEERIZL 2850
THEHLEE SN b,

A%, BIZPAMAM— (ZHAA) 2oV THET 5 & #£12, PAMAMOERRO 7 3/ #
DI L D EHBEMOL WEERIORESSF SN D,
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The thermal stability of gel polymer electrolytes
for lithium batteries

Tetsuya Kawamura,
*Minato Egashira, *Izumi Watanabe, *Shigeto Okada, and *Jun-ichi Yamaki

Interdisciplinary Graduate School of Engineering Sciences, Kyushu University

*Institute of Advanced Material Study, Kyushu University

Abstract

A thin film was made from PVdF and HFP powder and 1M LiN (SO,CF;),/EC+DMC (1:1 in
vol. ) electrolyte was soaked into the film to obtain gel polymer electrolyte for lithium batteries.
The thermal stability of the gel polymer electrolyte with/without Li metal or Li; ,CoO; was mea~
sured by DSC. The gel polymer electrolyte with Li metal was stable up to 250 °C that temperature
is higher than that of liquid electrolyte(stable up to 180°C). The exothermic reaction of the gel
polymer electrolyte with Li;CoQO, started at higher temperature than that of liquid electrolyte,
however the calorific value of the gel polymer electrolyte with Li, xCoO., was larger than that of

liquid electrolyte with Li, xCoO,.

1.F &

1975 2 B TLE U & Tpoly (acrylonitrile) (PAN) & poly ( methyl methacrylate) (PMMA )
B F Y LR v —EillA Feullade & Perchell & » TH#H &7z, 1) F 7 LK)
v —Eihid, RMETRSANAEFTERESRIRLCEASA T FYLEBEFCIERA
ﬁ@% fe e, FEEMIZE) FYLEBEELTHL, CNETOEBE RS (GE) A

BHEL LTIy VIKOBRERE TR VAHETHL, EBRENERIIZ-2ZE12&
D, (ﬁ(&@ GRS { rolzg E72, RO LR 2 ozl 8T, oM HIFLN

b= MROBMDSHETRE o700 TOLIZ, VFyAR)v—FbE [Eil] o
B HulBEME L LT,

VFI LK) v —BWMPREINTT WL, VF7L4R)v—BihoBERE L LTHY
GNLF VAR v —FEBENOY MY 7 AKRY v —E LT, LRTILENIZLE % Poly
(vinylidene fluoride) (PVAF)ANEH 81172, PVAFIZEF K (-C-FIEH L TWLDT



Pttt LT e D REZ LB b DY, ERE, PVAFIZ U F 7 A3 TS5 Va5 —0.2V
FTCRETHHIENHESNT LY, T/, PVAFIER ) v — & LThi ) K&LH
BREEALTWA(e=8.4), O LT, “"AVRIT—BREFOVF 7 LIEOEROF
BiTic e s L Bbhby, ) F 7y AEOBMEIES L BRIBEEASENTEMLA 4
VIR T LIl AL TH D, Lﬁ‘LPVdFli#uaaftL’Pﬂ’ CELDBEAER
TELWVEW)RENH 72", I T, GozdzX Tarascon » 1ZPV d F & hexafluoropropy-
lene(HFP) 2 B/ K ) v —< MY 7 A% EEL/Y, HFPOGFEMIZ L D, K v — 0
UK TT20THLY, Z0E, PVIF-HFPIX KO ERE L S EIZEL I AT
ELTENT 7 AHERE, WHMIEELESLIFREREFONA T ) v PR
272", PVAF-HFP &, WHHIIERELZzBAVTI AR v —EREZ{ER L7ER,
polyethylene oxide(PEQ)®RPAN, PMMA & 0 b #EMAEESENLTE Y, PVAF L &
BEFDPENR T/, $72, PVAF-HFPO X LR v —EREE AT F 7 L LR
BREOBMEMMATLIA, VFTLF Y FIA4 VORENBI2627, $72, 147
VEFES, PEOT VB L Y B TH Y, BEFRLPEOD2EDEL /R L7z, Zhid,
HFPIld 5-CF.EDRTHMETHLLFS I F 7 L8 LICRERLER L0 L E 2
LENBT,

W, LR <— @W“%Eﬁﬁ%iEV@@ﬁktfﬁwéfbwﬂn# =h

TWaY, ZOHIEEBMOKREALS AT RTCH LA, FR2iE 70 7 Laithids
S5HVEREN DL LT ICZ ORMEERT
1) UF LB ROEBIIBTLBLETICH L TERILFENIIEETH DL I &,

) WIROERE L OBEWLH H 2 L, T, %\&4%xﬁﬁ@ +5 % Lit 4
F L OEENRHL L,
i) BHILEETEL L,
) MR RESENL TS T L,
v) A= FEELDRRALNVTIEELRBIIBNTY, BREEIERTWL T L,
PVAF-HFP# AW 75 VK ) v — B E IOV T EICBIP - 8IEB L TA 2, I
DWW, PVAF-HFP % B 7= 7 LK) v - EIRE L, Lclgxf&iﬂ)+%f R
HLTBY, VF7 8B L THRELREELMEL. 11)IIDW T, PVAF-HFP
AV GPEIRIRO BRI L D 45545, R TIEPMMARPANEZ /a7 LAY =
—EE LD L A VEEEEEN TS, RS HIROBMBRE LD S 2 W' i)
W 2DWTIE, PVAF-HFPZ V77 VR v —BREO RS HEIREOLH LY, KEF
THMBEICEETE DY, WIIDWTE, BTl L) IR 2 EMAREZ AL Tw
bo vIEDWTIE, PEOXHW S AR v —BRAII>WTIZ)F 70 8B1ETO
BEEMIIOWTREEERETTDSC) EHWTHE S, 7 VR v —BREINERD
BRE LY DBRETERENFTRVWERESIN TS, L2 L, PVAF - HFPR B w725 L oK
VY —BHEIIOWTE, »EDETERIIOWTHRMTDOR TR0,
I THKA L, PVAF-HFPE V72X VR ) v —BEE L, YUV R ) v —EHE
HIOBEENR, VF 7 AZBRTF FTOSNVR) v —BREOREEN, ERiEwEL
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2. XEE&

21 HERU&RE

FNFE) v —BREDFRY) v —7 M 7 AMERIZIIPVAFY4wt. $tHFP6wt % DA F (7
LN#2100, BAEMELS)ZHERA L, 372, FUY—HEKFBE»THEFHELT, 7E L
YOMRMETE) A ER L, T/, fERLAFY) v—I0I3IMLIN (SOCF,) »/EC: DMC
(1:linvol VEBB(EILERD ¢ &F 3 €7,

FMEREEIZIINAGANO, BTS2004 5 R L7, 1 > ¥ — % > APIEFEE IZTIFHIOKI,
3522L.CR,HITESTER # £/ L, DSCHll5E2:E IZIIRIGAKU, Thermo plus, TG8110 % #EH L
2o

2.2 FILR) v —BREYGPE)DIER

PVAF+HFPO#EE 72 M 2 EEI1 6 TRAE, 3L 2070 4BEEHEL -, 312
RolRRBREWEN T AMELF ¥ 2+ LIBRAKKRHFERTEES S, TORUBEE
ZEERL, EX10umD KR v —FHREL 157, 1k L7cF) v —#E% IM LIN(SOLCF;); /
EC:DMC (1:1 in vol VEMHIZ /O — T HK v 2 AP TASBFER L T A FE) v —EHE*
e U720 GPETDOBBENDEHEIIINWtB TH 272,

23 KHBRABRE 1 E—4 2 ZHE

EBIIZ a4 eV 202FFEHLL, BROIEY -2 N2, BEEBmmOMF
OaFR) v —%i87, FE, IM LN (SOLCF;),/EC:DMC(1:1 in vol. ) BT 48 BE IR
LANVRY) v —BREEXE, MERIC)FIL8BEHERA L, Li/gel polymer electrolyte/Li
D27y Fxy SRV EER L, FREABRIERBKO. ImA/cm* TL00H 1 7 VAT
5720 AV =¥ ARERTHEBRBRTHV LIV OFERER &£ 100591 7 L&IZIT-
720 BV — M20.0ImAh, EE(X10mV, BE##30.1Hz ~ 95000Hz THIE L 720

2.4 DSCHIE

FVR) v —BRERMRROYF Y LEBEBREFETORLTELEY, 27 v L ARMRE
FHBASR AR LTHALDSCEBE*HVWTHE LA, £/, ko0 IZ, IM
LiN(SO,CF;J, /EC+DMC(1:1linvol.)BE#BE L HW CTRROER LT 72,

NV NER) F LR, BEER AV TEFMICE ) S A LT, LisCoO % AR L
720 LinsCoO T DNV AR) v — BMEDEEZEMEY, DSCEBETHWTEML .,
72, HED7-91Z1M LiN(SOLCF,),/EC+DMC(1:1 in vol. ) B * A\ CHEBOEE % 1T
ol BETORKIT NI EBAy O — 7Ky 2 AW TDSCHIEH A7 » L A BRES
BRI EH AL,
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BL, “LERY—BHEL)F 7 LERD Fig. 1. Charge-discharge profile by
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Ter VR v —EME R VICHEE LIERE 600 — ] L ADES 3
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YOREROSAUPEEOILOBAT ) 7 2% #0800 o0 oby 2D 1Al
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37, A ANEELEBEELTY F Y Fig. 2. Impedance spectrum observed
LER A+  EMREETHLED LS with Li/gel polymer electrolyte/Li

N A cell before cycle and after 100
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TNR) T —BREOREDILDEFIZB>TIFILFT Y FIL FPREL, ﬁ%ﬁﬁ
DY E oozl s, £/, FLF) v—EREIa 4 g cidhic
S>TIERNEPTOLNT VS, ZO70, BEEIEOIONTRADEICL > TH LRy =
— BIRENHEH, MERBOEHEI/SBP L ELEZ SR, —~HSEIORIE, ¥4 2
VETOFI1100 QIEHTAS, 10094 2 VETIIT00Q &R D, PRV NSLhol, 14270
HOYF Y L8R8 EOSENX ) F 7 LATAF LI —FA— FAERDTH A5, 10049 1
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Biopreservation using bacteriocins from lactic acid bacteria
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Abstract

Biopreservation is a new technique to preserve foods by using food-origin antimicrobials,
termed biopreservatives. Among various biopreservatives one of the most promising substances is
the bacteriocin produced by lactic acid bacteria. We have developed new applications of a bacteri-
ocin, nisin Z produced by Lactococcus lactzs, to control spore-forming bacteria (Bacillus sub-
tilis). Nisin Z acted synergistically with L-alanine, a germination-inducing substance, which
decreased spore-forming bacteria. Nisin Z also had synergistic effects with CaCl, on B. subtilis
spores. The combination of nisin Z and L-alanine or nisin Z and CaCl, led to preferable koji fer-
mentation, which is liable to be contaminated by B. subtilis. Bacteriocin in combination with
other hacteriocins, conventional antimicrobials, and physical treatments is expected to inhibit

undesirable bacteria more effectively.
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Table 1. Classification of bacteriocins produced by lactic acid bacteria.

Class Characteristics Representative bacteriocins

1 Lantibiotics, small (< 5 kDa) heat-stable peptides containing  Nisin A, nisin Z, lacticin 481, lactocin S
unsaturated arnino acids, lanthionine and 3-methyllanthionine
H Small (< 10 kDa) heat-stable peptides formed by unmodified
amino acids
Ha Anti-listerial peptides with a consensus scquence of  Pediocin PA-1, sakacin A, enterocin A,

YGNGVXC in N-terminal mundticin, leucocin A
1Ib Two-peptide bacteriocins: two different peptides required to  Lactococcin G, lactococcin M, lactacin F,
form an active poration complex plantaricin E/F
11 High-molecular-weight (> 30 kDa), heat-labile proteins Helveticin J, helveticin V-1829, lacticin A,

acidophilucin A,
v Complex bacteriocins  containing lipid or carbohydrate Plantaricin S, leuconocin S, lactocin 27,
moieties pediocin SJ-1




CHz CHCHs

DHA: NHz-C-COOH  (Dehydroalaning) DHB: NHz-C-COOH  (Dehydrobutyrine)
(FH;AS_?HZ
AlaS-Ala:  NHz-C-COOH  NHz-C-COOH  (Lanthionine)
CHiCH S CHy

ABU-S-Ala: NH,-C-COOH  NH,-C-COOH  (3-Methylianthionine)

Fig. 1. Structure of nisin A. Nisin Z differs in a single amino acid residue at position 27
(His in nisin A and Asn in nisin Z) .
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Fig. 2. Synergistic effect of nisin Z and alanine
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Fig. 3. Synergistic effect of nisin Z and alanine on microbial changes of (A) Bacillus
subtilis and (B) koj mold during koji fermentation. Soybeans cooked and crushed
were inoculated with koji mold and incubated for 2 days at 30°C in the presence of
the indicated additives. Koji thus obtained was then stored at 5°C. Symbols: @,
without additives; &, nisin Z (400 U/g) added at 0 h; I, L-alanine (5 mg/g)
added at 0 h and nisin Z (400 U/g) added at 4 h.
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Fig. 5. Synergistic effect of nisin Z and CaCl, on microbial changes of (A) Bacullus
subtilis and (B) koji mold during koji fermentation. Soybeans cooked and crushed
were inoculated with koji mold and incubated for 2 days at 30 C in the presence of
the indicated additives. Koji thus obtained was then stored at 5C. Symbols: @,
without additives; O, nisin Z (200 U/g) added at 0 h; &, CaCl, (5% w/w) added
at O h: A, nisin Z (200 U/g) added at 0 h and CaCl, (5% w/w) added at 1 h.
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Table 2. New bacteriocin~producing lactic acid bacteria in our laboratory .

Species Strain Source Bacteriocin
Lactococcus lactis 10-1 Kitchen sink Nisin Z
Lactococcus lactis Chizuka, Yasaka Fermented rice bran (Nukadoko) Nisin Z
Lactococcus lactis QU1 Seaweed Nisin Z
Lactococcus lactis QU3 Corn Nisin Z
Lactococcus lactis QU 8 Carrot Nisin Z
Lactococcus lactis WNC 20 Fermented sausage (Nham) Nisin Z
Lactococcus lactis 12N, 18N Fermented rice noodle Nisin Z
Lactococcus lactis 61-14 River water Nisin Q
Lactococcus lactis QU 4 Com Lactococein Q
Enterococcus mundtii QU2 Soybean Mundticin
Enterococcus faccium WHES81 Soft cheese Enterocin A, B
Pediococcus pentosaseus  TISTR 536 Fermented sausage (Nham) Pediocin PA-1
Pediococcus acidilactici  S3 Fermented sausage Pediocin PA-1
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Scanning tunneling microscopy observation
of the initial formation process of a surface silicide:
A (3x 1) structure formed on Si (111)7 X 7 by Ba deposition

Hiroshi Tochihara, Ryou Okamoto and Seigi Mizuno

Department of Materials Science, Interdisciplinary graduate school

of Engineering Sciences, Kyushu University

Abstract

Barium atom adsorption and subsequent annealing has been studied on Si(111)7 X7 using
scanning tunneling microscopy at low coverages (.02~ 0.04. By annealing to 210 ~460°C, ran-
domly distributed Ba atoms on terraces at room temperature reach step-down-edges where the
7 X 7 reconstruction is not formed. Propeller-shaped clusters are observed there. It is found that
the 3 X1 structure is formed at the cost of the Si bilayer at the upper edges. With the formation
of small 3 X1 domains, so-called Si magic clusters appear near the domains, which is explained

by difference in Si atom density of the 7 X7 and 3 X 1 structures.
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top view

Fig. 1. Honeycomb chain-channel

(HCC) model for the (3X1) surface structure

formed on Si(111)7 X 7 by Ba atom deposition. The (3X 1) unit cell is outlined.
Closed and open circles are Ba and Si atoms, respectively.
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Fig. 2. A filled-state STM image of an
annealed surface after Ba deposition.
Unit cells of 7X7 and 3X 1 are outlined.
A boarder between the clean Si(111)7 X7
and 3 X1 structure is shown by a white
line.
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Fig. 3. (a) A filled-state STM image of the
clean Si(111)7 X7 surface. Note that
some Ba atoms exist along a step edge as
well as on terraces, as indicated by
brighter protrusions. See text in detail.
(b) Schematic drawings of (a) side view
(top) and top view (bottom). F and U
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represent faulted and unfaulted halves of
the 7 X 7 unit cell, respectively. Hatched
region shows the unreconstructed surface
shown in (a) with lines AA’ and BB’.
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Fig. 4. (a) A filled-state STM image of an
annealed surface after Ba deposition.
Inset shows propeller-like clusters (Y-
shaped) formed on the unreconstructed
region (indicated by two lines) in enlarged
scale. (b) Schematic drawings of (a) side
view (top) and top view (bottom). Ba
atoms and propeller-like clusters are
shown by open circles and dotted pro-
pellers (Y-shaped ), respectively.
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Fig. 5. (a) A filled-state STM image of an
annealed surface after Ba deposition.
White hexagons and lines show Si magic
clusters and the (3X1)-Ba structure,
respectively. (b) Schematic drawings of
(a) side view (top) and top view (bot-
tom). Notations are same as in Fig. 4.
3 X1 structures and Si magic clusters are
shown by hatched area and rings, respec-
tively.
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Preparation of D-A linked multilayered films for
photoelectric conversion using the surface sol-gel method
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Abstract

Photoresponsive donor-acceptor assemblies via ultrathin titantum oxide layers were construct-
ed on an ITO electrode, by using self-assembling and surface sol-gel methods. The self-assem-
bled monolayer of a thiol derivative of viologen was prepared on the ITO electrode. Then, the
ultrathin films of tetracarboxyphenylporphyrin (or a hexacarboxy derivative of a ruthenium(II)
complex) and titanium oxide were superimposed on the viologen modified electrode by alternate
surface sol-gel processes. Electrochemical and spectral characterizations of the films were car-

ried out.
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Fig. 1. Scheme of photocurrent generation system using a self~assembled monolayer of D-A pair



OFEE, D-ADTOHRICL-T, LELRBEEHIHEITETH S L) B L
BEALTE), BOTHERECRTH b, L LAEDSHD— AEREDTOABITEMET,
LIRS ULETHL I EPHIREOERSERNORB YT TS, £2T, &)
ffELFHEAACTD—AMOHR, X7 —=>r7, B#Elbhligic i, Lk
APTL2UBRBISEONELRBERE L FHFOMEI 2 ERT 2E85 0 iEL 40, BEHE
ORI ST, FEAESTHETE L TOMERIBICL AN A I LR EZ 5N D,

—7, WEOBEL S TEEFRTBEICERTAFEL LT, BRI OMKS K
WEILHALARE N - FVERSTONE, "ZoOFEE, EREBERICET A TEw
I L RECHM N, 7)) v FEEBIROEESTRETH ), —EOEBERBIRE
FHDET L TEBILLEDIATZ A, EHWKERIINT 2 DECOERBILEITH 2 &
T, BAFOD - AMES FEISHEM TIINEETH - 72 [BALEREUC D OREOm
G EBESHIIEBNETH L EHFTE L,

Fxld, BCESELKRAVIL - FLViEis A EbE b L THRFEEMTHARATH S
D-—AMZEBEICERTETHLLEZ, LFREBHIERTHLRNLT 1)~
(D) = 79—V ¥ (A) &5 VEtHEEEEZALTI TOEWHERFIZEKT S
ZEHI L, PESTAMIE T, AEERBRORLELLD-ANOERIELLHIEL T,
K749 (D) —¥Aa—=>"r (A) i, V7= a(D##fk (D) —E4a—5>
(A) WEFBOFFETIERST L ECELADT, BET 5,

2. BEEEOIER

HOQC, OOH

QL A S

n /)nBu
nBuO/ \nBu
Q O T(OBu),
HOOC OOH
TCPP
HOOC —CHE—NQ—@ *—{CH,p)—5— HOOC —{(CH,)yp~—5—
= =/ 20"
Ccvs cCs

TCPPUEBALZLDEZFDO T FH 7, RuTC, CVS, CCSIZDWTIIREHIZHEL C
R L7 DEET, ITOEWER F~D TCPP-F ¥ » BRLBEIE-Ccv SERERDIE
BHEF 27T, 9, CVS(ImM) EKCL (0. IM)DRKEHZ ERE L7z, OIS
ITOEWHEWEIR L, EMICEEM-0.7V vs. Ag/AgCl) ZEIL 72 IREET 3 BEFILE L
7z ZOBEEREIN) ML, T E0OBMKTERER, EMAKHTIMRET S L
THHBEDZBREL, ¥4A0 -7 IBMER (CVS/ITO) 21872, RIZ, fER L7
CVYITO# TitOBu), (0.IM) DAYy /2% /7— (1 1) EHIZ3SMEL, B
BRA T 2 kiEREE Lz, 5lEHnT, KB TIMAKSHEZIT, F 4 ¥ BB ERA



cvs — VGO0 TI(OBu),
_ - o = g T ™

TI(OVCVSATO

TCPP/TI(OVCVSATO

Fig. 2. Formation of { TCPP/Ti(0)),/CVS/ITO

5 ENAEHER (Ti(0)/CVS/ITO) %3720 KIZ, TCPP (ImM)D L ¥/ — LI
Ti(O)/CYVS/ITO%RIR L, FBIARIZEEE - 88T, KV 74 ) VEASTRBELYF Y V8
ItBEREAORRBIHEAL, D— AKEHER (TCPP/TiI(0)/CVYITO) %187, D3k
YN - FVEICEDFY B LBERE L FL T 1) VESTBEORR DK
ET, KV 74 ) VHESTERLEFY CEAYBERESERILL 2156 T,
((TCPP/Til0)),/CVS/ITO) #BH I ENTET, 2B, MLTHEBHAELLT, CVS
DD NIZCCSEHWIRR, DENVARUTCIER LARICOWTLREIEO FIEILL -
TIEMERERL I ENTEL,

3. BEFEROBEHET

PER L7 CVYITOREAM & L T=BAEBE VICHARA, FIBLELEEBE, [
SR AR E L TKCOKER (0.1M) 2EBBEICHOWTIHA 7 ) v 2RV sy 2 M) —%
17072 TORR, ERLEOCA D -7 VENIZHES S8 2ETRE BTS2 L7
T&77 (M3) ZORTHED

-30 T T T T T T T
BERMEIES AL TLIR . J

20 L
WEBILTWwb7e, Eto—
YURAITOBM LIcEEs g Ol I
NTwp I EkaRERY, B2, & E or 7
TEROBIIC L) cvsoBmFER  § 0T 1
1342~ 6X 10 “mol cm™#EE T 20 .
HH I ENbhot, T 30 | i
(TCPP/Ti(0)),/CVS/ITO (n 40 — 1 1 1 S W W

. \ -1400 -1200 -1000 -800 -600 -400 -200 O 200

=1, 2, 3) OINA T bV (K Potential / mV vs. Ag/AgCl (0.IM KC1 aq)
M, K74 IR
2RI C & B Soret 3 4 BHHE LS Fig. 3. Cyclic voltammograms of CVS/ITO



0.07

0.06
0.05
0.04

0.03

Absorbance

0.02

0.01

0 l 1
300 400 500 600 700 800

Wavelength / nm
Fig. 4. Absorption spectra of ( TCPP/Ti(0))/CVS/ITO (n=1,2,3)

0.004 T T T T

0.003

Absorbance
o
o
o
N

0.001

1 1
400 500 600 700 800
Wavelength / nm

Fig. 5. (solid line) Absorption spectrum of ( TCPP/Ti(O))./CVS/ITO,

(dotted line) Absorption spectrum of RuT C in water.

T HIEHNTRETHY), BEBAMAEMETLIERTREL Y 1) OREEIHEZ
T ZENHEL N L o7,

RuTCIZ2WT b AMEDIRIETRuTC/Ti(0)/CVYITORERK L 72 RuTCIEE LI
REATI0'M em™ & TCPPIZHRTA2Z D /S il bigb 69, WRA~Y ML (K5)
& ) RuTCOFETEL TR T & 72,

4. BHYIC
Pk, REVNV - FViEERICH L7 THBE L FE TR T 5 DEML & AR o3t
BRIGICEB EICEET S LN TE, 612, DEMVOSBE{LITHETHSL - &
#méﬂt_t# , BE N2 EE L HVDLIENTELD - AXHEMBBOMRICD
&ﬁé%~fﬁ$ﬁfgr:ataboA& DERfzOREIE S, DEMIOBEL LR S
W&, BHELERREERT LA FEFERE LIV,



ZZXW

1) B. O’Regan and M. Griizel, Natwure 353, 737 (1991)

2) T. Akiyama and S. Yamada, Trends in Photochemistry and Photobiology 8, 67
(2001)

3) 1. Ichinose, T. Kawakami and T. Kunitake, Adv. Mater. 7, 535 (1998)

4) T. Akiyama, A. Miyazaki, M. Sutoh, I. Ichinose, T. Kunitake and S. Yamada, Colloid

Surf A 169, 137 (2000)

S



—F VETFNRTF RO 3 KEHOEH L
Lo H

MK > 5 —
WO, i AR, gl SRR

Thermal Melting of Triple Helices and Emergence of
New Phase In Collagen Model Peptide (Pro-Hyp-Gly),,

Hirofumi Sakashita , Yoshinori Miura and Midori Watanahe

The Center for Advanced Instrumental Analysis, Kyushu University

Abstract

Thermal melting of a small rod-like peptide (Pro-Hyp-Gly),, (abbreviated as (PHG),) has
been investigated in D,O solution by proton NMR spectroscopy , high sensitive differential scan-
ning calorimetry (DSC) of heat flux type and scanning electron microscopy (SEM). We have
found a new (intermediate) phase between the room temperature phase (triple-helix state) and
the higher temperature (>100°C) one (single-strand state), this phase has not been observerd in
a similar peptide (Pro-Pro-Gly),+D,O solution. In the intermediate phase melting of both micro-
crystals and triple helices proceeds simultaneously, and the solution becomes opaque but not vis-
cous indicating a large fluctuation of density which is probably due to the formation of a new

assembly (or clusters) of single strands bound weakly by the hydrogen bond.
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